Oleic acid synthesized by stearoyl-CoA desaturase (SCD-1) in the lateral periventricular zone of the developing rat brain mediates neuronal growth, migration and the arrangement of prospective synapses Abbreviations: DAPI, 4',6-diamidine-2'-phenylindole, DIV, days in vitro; DCX, doublecourtin; GAP-43, growth-associated protein 43;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; NT-siRNA, non-targeting small interfering RNA; PBS, phosphate-buffered saline; siRNA, small interfering RNA; SCD-1, stearoyl-CoA desaturase-1: PDS-95, postsynaptic density protein; BBB, blood-brain barrier n
Introduction
Mounting evidence suggests the occurrence of an astrocyteneuron crosstalk that synchronizes astrocytes and neurons so that they can carry out tasks in which the collaboration of both cells is needed. Thus, astrocytes synthesize and release the growth factors that mediate in the development of neurons and glia (Farina et al., 2007 , Liberto et al., 2004 , Blondel et al., 2000 . Also, thrombospondins synthesized and released by astrocytes seem to control synaptogenesis during development (Christopherson et al., 2005 , Barres, 2008 . In addition, astrocytes synthesize cholesterol, which is released together with Apo E for use by neurons to build neurite membranes (Vance et al., 2005 , Pfrieger, 2002 . In this context, our previous work has shown that the oleic acid synthesized and released by astrocytes behaves as a neurotrophic factor for neurons. The synthesis and release of oleic acid takes place in cultured astrocytes exposed to serum albumin, a protein that is internalized in astrocytes through endocytosis, mediated by megalin, caveolins and Dab-1 (Bento-Abreu et al., 2008 , Bento-Abreu et al., 2009 ). Albumin uptake is followed by transcytosis, including passage through the endoplasmic reticulum , Bento-Abreu et al., 2009 , where oleic acid is synthesized. Albumin sequestrates the fatty acid in the endoplasmic reticulum, promoting the induction of stearoyl-CoA desaturase-1 (SCD-1) by increasing the active form of the SREBP-1 transcription factor , which catalyzes a critical committed step in oleic acid synthesis: i.e., the introduction of the cis-double bond at position delta 9 (Miyazaki et al., 2001) . The oleic acid synthesized is released to the extracellular space, thereby becoming available as a neurotrophic factor for neurons . Thus, oleic acid promotes axonal and dendritic growth and the expression of growthassociated protein 43 (GAP-43) and of the microtubuleassociated protein 2 (MAP-2), respectively markers for axonal and dendrite growth (Tabernero et al., 2001 , Rodríguez-Rodríguez et al., 2004 . This effect is synergistic with the neurotrophins NT-3 and NT-4/5 but not with NGF or BDGF (Granda et al., 2003) . The neurotrophic effect of oleic acid in neurons is mediated by PPAR-alpha, protein kinase A (PKA) and Neuro D2 (Rodriguez-Rodriguez et al., 2004 , Bento-Abreu et al., 2007 , which comprise the signal chain for the neurotrophic effect of oleic acid. In addition, oleic acid concentrations increase sharply (6-fold) in vivo in the brain of neonatal rats during the first day after delivery (Polo-Hernandez et al., 2010) . This is accompanied an increase in the levels of the active form of SREBP-1 and an enhancement of the expression of SCD-1 and GAP-43 (Velasco et al., 2003) , suggesting that the neurotrophic effect observed in cultured neurons may participate in postnatal development of the brain.
Together with the effect of oleic acid on axonal and dendrite growth, we have also observed that the presence of oleic acid promoted neuron migration, resulting in the aggregation of neurons by somata, which aggregated in clusters that are connect with each other by axonal processes (Tabernero et al., 2001, Medina and . In order to gain further insight into this phenomenon, in the present work we studied the effect of oleic acid on neuron migration in brain explants from the lateral periventricular zone. Our results show that oleic acid synthesized in situ by the presence of serum albumin enhances neuron migration, a phenomenon that is prevented if SCD, a key enzyme in the synthesis of oleic acid, is silenced with the RNA interference technique.
Results

2.1.
Oleic acid promotes neurite growth and cell migration in neurons from primary culture.
We have previously shown that rat astrocytes specifically synthesize and release oleic acid in the presence of serum albumin . In addition, the exposure of neurons in primary culture to oleic acid promotes axonal and dendrite growth, accompanied by enhanced expression of GAP-43 and MAP-2, which are respectively markers of axonal and dendritic growth (Tabernero et al., 2001) . Here, we monitored the effect of oleic acid by live-cell microscopy. Fig. 1 shows the first and the final frames of pictures taken over 15 h of neurons in primary culture in the presence of albumin or albumin plus oleic acid (for all pictures, see "Supporting information"). Under these circumstances, oleic acid enhanced neuron migration, axon and dendrite elongation, and the aggregation of neurons by their somata (for the still photograph at 72 h see: ).
2.2.
Oleic acid increases DCX expression in neurons from primary culture
To test the ability of oleic acid per se to induce migration in neurons, we used neurons in primary culture and measured the expression of DCX, a microtubule-associated protein involved in the migration process (Francis et al., 1999) . To accomplish this, neurons were cultured in the presence of albumin or albumin plus oleic acid and the expression of DCX was analyzed by Western blot. Western blot analyses revealed a transient increase in DCX expression after treatment with oleic acid. The expression of DCX increased at 24 and 48 h but no statistical differences were observed after 72 h of treatment (Fig. 2) . Fig. 1 -Effect of oleic acid on neuron migration and neurite growth in neurons from primary culture. Rat neurons were cultured in defined medium in the presence of albumin (2% w/v) or albumin plus oleic acid (50 μM) for 15 h and neurite growth and neuron migration were followed by a live-cell microscopy. The first and the last frames of the movies are shown. Scale bar: 20 μm. For the full movies, see Supporting information. The presence of oleic acid increased dendrite and axonal growth and promoted neuron aggregation resulting in interconnected clusters. Fig. 2 -Effect of oleic acid on doublecortin (DCX) expression in neurons from primary culture. Rat neurons were cultured in defined medium in the presence of albumin (2% w/v) (control) or albumin plus oleic acid (50 μM). Western blot analyses for DCX were carried out. The intensity of the bands was quantified and expressed as a percentage of that observed in controls. Since no differences were found by the presence of albumin as compared to defined medium, neurons in the presence of albumin were taken as control. Results are means7S.E.M. (n ¼5). Statistical differences as compared to the controls at 24 or 48 h are given as n po0.05 and nn po0.01 (Student's t).
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Oleic acid enhances neuron migration in periventricular explant cultures from early neonatal rat brains
The rate-limiting step in oleic acid synthesis is catalyzed by SCD-1, which is responsible for the introduction of the cisdouble bond at position Δ9. Our previous work had shown that this enzyme is present in the lateral periventricular zone (Polo-Hernandez et al., 2010) and that it is upregulated in the brain after birth (Velasco et al., 2003) . This was concomitant with the increase in free oleic acid concentrations in the neonatal brain (Polo-Hernandez et al., 2010) . In the present work, periventricular explants were incubated in the absence (control) or presence of albumin or albumin plus oleic acid for 24 or 48 h. The images revealed that the number of cells leaving the explant increased in the presence of albumin ( Fig. 3B and E) or albumin plus oleic acid ( Fig. 3C and F) as compared to controls. After 24 h of treatment, the distance covered by the cells from the base of explants was 2.5-fold higher in the presence of albumin or albumin plus oleic acid than in the controls and this distance increased after 48 h of treatment ( Fig. 3G ). It is noteworthy that the effect of oleic acid in increasing neuron migration was also observed in explants from adult brains (Supporting information, Fig. A1 ), suggesting that neurotrophic signal of oleic acid is present also in the adult brain. Because the effect on cell migration caused by albumin or albumin plus oleic acid did not show statistically significant differences at 24 h or 48 h (Fig. 3G ), we investigated whether the effect of albumin per se on cell migration in these circumstances was mediated or not by oleic acid. To do so, SCD-1 expression in the explants was silenced by siRNA. Fig. 4A shows that Scd1 mRNA levels decreased sharply (by about 60%) in explant cultures transfected with specific siRNA (Scd1-siRNA) as compared with those transfected with a non-targeting siRNA (NT-siRNA). The presence of albumin increased Scd1 mRNA by about 80% in the explants transfected with NT-siRNA ( Fig. 4A ) but this effect was abolished by oleic acid because the presence of albumin plus oleic acid did not modify Scd1 mRNA levels ( Fig. 4A ). This is in agreement with our previous results showing that oleic acid prevents the effect of albumin on SCD-1 expression in astrocytes via a feedback mechanism . No significant differences were found in the levels of Scd1 mRNA due to the presence of albumin or albumin plus oleic acid in explant cultures previously transfected with Scd1-siRNA (Fig. 4A) .
The effect of albumin or albumin plus oleic acid on cell migration was analyzed in silenced explant cultures ( Fig. 4B-G) . It was observed that the effect of albumin on cell migration was mostly abolished when SCD-1 was silenced (Fig. 4F) . Conversely, the increase in cell migration caused by albumin plus oleic acid was not significantly modified by silencing SCD-1 (Fig. 4G ).
2.4.
Cells leaving explants express GAP-43-positive axons in the presence of albumin or albumin plus oleic acid and this effect depends on SCD1 activity
In previous work we showed that oleic acid promoted axonogenesis in cultured neurons; this was accompanied by an increase in the expression of GAP-43, a specific marker of axon growth (Tabernero et al., 2001) . In order to determine whether this phenomenon also occurred in explant cultures, explants from the lateral periventricular zone from P0 rats transfected with a non-targeting siRNA (NT-siRNA) were cultured in the absence (control) or the presence of albumin or albumin plus oleic acid ( Fig. 5A-C) . Our results indicated that in the absence of albumin or albumin plus oleic acid cells leaving the explants did not exhibit GAP-43-positive axons (Fig. 5A, inset) . However, cells leaving the explants in the cultures performed in the presence of albumin (Fig. 5B , inset) or albumin plus oleic acid (Fig. 5C , inset) exhibited numerous GAP-43-positive axons. In order to investigate whether the effect of albumin was mediated by oleic acid, the expression of SCD1 was silenced by siRNA (SCD-1-siRNA) in periventricular explant cultures (Fig. 5D-F) . Thus, silencing SCD-1 by transfection with SCD-1-siRNA significantly blunted the effect of albumin (Fig. 5E, inset) but not that of albumin plus oleic acid (Fig. 5F , inset). Under these circumstances, axonal length mostly doubled in the presence of albumin (B) as compared to control (A) but not further increase was observed in the presence of albuminþoleic acid (C). After silencing SCD-1, this effect was mostly abolished in the presence of albumin (E) but not in the presence of albuminþoleic acid (quantitative results not shown).
Oleic acid induces DCX expression in explant cultures
In order to investigate whether albumin upregulated the expression of DCX in periventricular explant cultures from perinatal rat brain, the explants were cultured in the absence (control) or the presence of albumin or albumin plus oleic acid for three days. Our results showed that, judging by the fluorescence level of the antibody against DCX, DCX expression was higher in the presence of albumin (Fig. 6B ) or albumin plus oleic acid (Fig. 6C ) than in the controls (Fig. 6A) . Moreover, DCX staining was disperse in cells leaving explants cultured in the absence of albumin or albumin plus oleic acid (Fig. 6D ) but this staining moved to the leading process in the presence of albumin (Fig. 6E ) or albumin plus oleic acid (Fig. 6F ). Corrected total cell fluorescence (CTCF) doubled in the presence of albumin as compared to control but not further increase was observed in the presence of albuminþoleic acid (quantitative results not shown).
Oleic acid increases DCX and GAP-43 expression in organotypic cultures ex vivo
We have previously shown that albumin or albumin plus oleic acid increase axonogenesis and fasciculation in brain slices cultured ex vivo (Polo-Hernandez et al., 2010) ; (see also Supporting information, Fig. A2 ). In this work, we attempted to correlate the effect of oleic acid on axonogenesis with the effect on neuron migration in brain slices cultured ex vivo (Fig. 7) . Confocal microscopy of the immunostained slices disclosed that the presence of albumin or albumin plus oleic acid significantly increased DCX expression (Fig. 7A-C) . This effect was uniform throughout the periventricular zone and the striatum, although some disperse points showed an enhanced DCX staining (Fig. 7A-C, white arrowheads) . Under Results are expressed in μm and are means7SEM (n¼ 20 cells from three independent experiments). Different letters indicate significant differences (one-way ANOVA followed by the Tukey post-hoc test).
these circumstances, GAP-43 expression was also increased by the presence of albumin or albumin plus oleic acid ( Fig. 7D-F .001 (one-way ANOVA followed by the Tukey post-hoc test). (B-G) Photomicrograph images of explants transfected with NT-siRNA or SCD-1-siRNA. Scale bar: 500 μm. Photomicrographs showed a substantial increase in cell migration in the presence of albumin or albuminþoleic acid in the NT-siRNA transfected explants. This effect was mostly abolished by silencing SCD-1 (SCD-siRNA) in albumin-treated explants but not in those treated with albuminþoleic acid.
2.7.
Oleic acid promotes cell migration for the purpose of generating synapses
As mentioned above, we have previously observed that oleic acid promoted neuronal migration in such a way that neurons aggregated to form clusters that were connected each other by axonal elongations (Tabernero et al., 2001; Medina and Tabernero, 2002) . In light of this, we were prompted to investigate whether the axonal growth promoted by oleic acid was designed to facilitate synapse formation. To accomplish this, we used confocal microscopy to study the effect of oleic acid on the expression synaptotagmin and PSD-95, respectively two specific markers of presynaptic and postsynaptic proteins (Fig. 8) . The expression of synaptotagmin and PSD-95 was not increased in the presence of albumin (results not shown) but clearly enhanced in the presence of albuminþoleic acid. Moreover, when the colocalization of these proteins was assessed we observed a conspicuous increase in the colocalization of synaptotagmin and PSD-95 in the presence of oleic acid, as depicted in yellow (Fig. 8, merge) . In addition, oleic acid enhanced the occurrence of points of colocalization found in neurites (arrows in Fig. 8, enlargement) , which suggests the approximation of pre-and postsynaptic proteins (Christopherson et al., 2005) . Fig. 5 -Effect of silencing stearoyl-CoA desaturase-1 (SCD-1) on the increase in axonogenesis caused by oleic acid in periventricular explant cultures. Lateral periventricular explants were transfected with non-targeting siRNA (NT-siRNA) or with siRNA specific for Scd1 (SCD-1-siRNA) and were cultured in the absence (control) or presence of albumin (2% w/v) or albumin plus oleic acid (50 μM) for 72 h. (A-F) Immunohistochemistry for GAP-43. Scale bar: 100 μm. GAP-43-positive neuron migration increased in the presence of albumin (B) or albuminþoleic acid (C) in NT-siRNA transfected explants and these effects were decreased in SCD-1-siRNA transfected explants. Under these circumstances, axonal length mostly doubled in the presence of albumin (B, inset) as compared to control (A, inset) but not further increase was observed in the presence of albuminþoleic acid (C, inset). After silencing SCD-1, this effect was mostly abolished in the presence of albumin (E, inset) but not in the presence of albuminþoleic acid (F, inset). Axonal length was measured using the NIH Image J software (quantitative results not shown).
Discussion
Rat astrocytes in primary culture specifically synthesized and released oleic acid in the presence of serum albumin. This process was upregulated by albumin through activation of the transcription factor SREBP1 and the subsequent induction of stearoyl-CoA desaturase (SCD; Tabernero et al., 2002) , a key enzyme in the synthesis of oleic acid (Miyazaki et al., 2001) . The exposure of neurons in primary culture to oleic acid promoted axonal and dendrite growth, and this was accompanied by an enhanced expression of GAP-43 and MAP-2, markers of axonal and dendritic growth, respectively (Tabernero et al., 2001) . Under these circumstances, the neurotrophic effect of oleic acid was mediated by PPARalfa, protein kinase C and NeuroD2 (Bento-Abreu et al., 2007 , Rodríguez-Rodríguez et al., 2004 . These results were confirmed ex vivo in organotypic cultures of early postnatal rat brain in which oleic acid caused axonal growth and fasciculation in the striatum (Polo-Hernandez et al., 2010) .
In addition, the exposure of neurons in primary culture to oleic acid promoted aggregations of neurons with axon processes interconnecting the clusters ( Fig. 1 ; see also Medina and Tabernero, 2002) . Because this phenomenon is related to cell migration we decided to investigate the possible effect of oleic acid on neuron migration. In this context, oleic acid enhanced doublecortin (DCX) expression in neurons in primary culture (Fig. 2) . DCX is a microtubuleassociated protein that plays a key role in microtubule growth during neuron migration (Francis et al., 1999) , suggesting that oleic acid increases DCX expression to allow the elongation of the leading processes. When this study was carried out in a more complex preparation, such as explants from the lateral periventricular zone of early postnatal rat brain, our results showed that the presence of albumin or albumin plus oleic acid significantly increased the number of GAP43-, DCX-positive neurons leaving the explant (Figs. 3-6 ), suggesting that oleic acid promoted neuron migration. In agreement with this, albumin alone promoted cell migration (Figs. 3-6 ), which may be explained taking into account that albumin per se increases oleic acid synthesis by astrocytes . Indeed, when stearoyl-CoA desaturase, a key enzyme in the synthesis of oleic acid, was silenced with the RNA interference technique, albumin alone was unable to increase neuron migration (Figs. 4 and 5) , suggesting that the inhibition of oleic acid synthesis prevented the effect of albumin. Thus, it is reasonable to speculate that in non-silenced explants oleic acid synthesized in situ would mediate the effect of albumin. These results are in agreement with the idea that serum albumin is controlling brain development during the perinatal period because the enhancement of neuron migration presumably caused by albumin may be crucial for the correct emplacement of newly generated neurons from the subventricular zone (see Le Magueresse et al., 2012) . Moreover, the effect of albumin is mediated by the oleic acid synthesized by astrocytes because the effects of albumin per se were not observed in those preparations without astrocytes such as neurons in primary culture (Figs. 1, 2 and 8 ) or when SCD-1 was silenced (Figs. 4 and 5) . Nevertheless, It should be mentioned that albumin or albumin plus oleic acid increased cell migration in brain explants from adult rat (Supporting information, Fig. A1) , suggesting that the effect of oleic acid on neuron migration would also take place in the adult brain, particularly when traumatic disruption of BBB allows albumin to access at the brain structures.
The effect of oleic acid in neuronal migration may be associated with synapse formation because the presence of oleic acid in neurons in culture significantly increased the expression of synaptotagmin and PSD-95, respectively two specific markers of presynaptic and postsynaptic proteins (Fig. 8) . Moreover, oleic acid increased the colocalization of synaptotagmin and PSD-95 (Fig. 8, merge) ; this was accompanied by an increase in the occurrence of points of colocalization of both proteins between neurites (Fig. 8 enlargement) . These findings suggest that oleic acid would promote the allocation of synaptotagmin and PSD-95 in prospective synapses (Christopherson et al., 2005) .
The presence of albumin in organotypic cultures of rat brain promoted axonogenesis in the striatum, the processes growing mainly in parallel from the periventricular zone towards the prospective corpus callosum. However, when albumin was present together with oleic acid axonal growth, although noted, was disordered, suggesting that axonogenesis was finely arranged via the local synthesis of oleic acid in the periventricular zone (Polo-Hernandez et al., 2010 ; see also Supporting information Fig. A2 ). Under these circumstances, doublecortin (DCX) staining was significantly increased due to the presence of albumin or the albumin plus oleic acid complex (Fig. 7) . It is noteworthy that the higher the degree of axon fasciculation and subsequent GAP-43 expression, the less DCX staining was observed, suggesting that DCX expression fades once axon fasciculation has started. These results suggest that oleic acid synthesized in the periventricular zone induces axonogenesis to promote neuron differentiation and fasciculation. This would be accompanied by the upregulation of DCX caused by oleic acid topically, helping neurons to become established in the striatum (Fig. 7) .
Taken together, our results suggest that oleic acid is a neurotrophic factor that regulates the final stages of neuronal differentiation but also promotes neuron migration, presumably to help neurons reach their definitive sites in brain structures. In addition, oleic acid promoted synapse formation Fig. 8 -Effect of oleic acid on the expression of synaptotagmin and postsynaptic density-95 protein (PSD-95) and the occurrence of points of mutual colocalization in prospective synapses. E18 rat neurons were cultured in defined medium in the presence of albumin (2% w/v) (control) or albumin plus oleic acid (50 μM). Since no differences were found by the presence of albumin as compared to defined medium, neurons in the presence of albumin were taken as control. Immunocytochemistry for synaptotagmin (red), PSD-95 (green) or cell nucleus (DAPI; blue) was carried out and confocal microscopy photographs were taken. Scale bar: 20 μm. The merged image in the presence of albumin plus oleic acid was enlarged (5 Â ). White arrows point to the colocalization of synaptotagmin and PSD-95 in neurites i.e. putative synaptic prearrangements. The expression of synaptotagmin and PSD-95 was not increased by the presence of albumin (results not shown) but clearly enhanced in the presence of albuminþoleic acid. Moreover, the presence of albuminþoleic acid increased colocalization points between both proteins suggesting the formation of prospective synapses.
by increasing the expression of pre-and postsynaptic proteins and their approximation one to another. This confirms the role played by oleic acid in postnatal brain development as an important factor in the astrocyte-neuron cross-talk that allows the fine networks that compose nervous tissue to be built. Interestingly, the effect of oleic acid on neuronal growth has been used experimentally in medulla reparation, as described by Taylor's group (Avila-Martin et al., 2011) , who reported the early recovery of voluntary motor function after albumin-oleic acid treatment in spinal cord-injured rats. Finally, some lines of evidence have shown the occurrence of an increased expression of SCD in Alzheimer's disease (Astarita et al., 2011) , which is consistent with the idea that increased oleic acid synthesis may be associated also with neurodegeneration (Fraser et al., 2010) .
Nevertheless, our results taken together are in agreement with the idea that oleic acid play an important role during perinatal development of the brain because it mediates the effects of serum albumin on neuronal migration and the formation of synapses. It is noteworthy that the effect of oleic acid may be blunted in Down syndrome, because it has been reported a decreased response to the neurotrophic effects of oleic acid in a cellular model of Down syndrome (Hijazi et al., 2013) 4.
Experimental procedures
Animals
Albino Wistar rats obtained from the animal house of the University of Salamanca and fed ad libitum on a stock laboratory diet (49.8% carbohydrates, 23.5% protein, 3.7% fat, 5.5% (w/v) minerals and added vitamins and amino acids) and maintained on a 12-h light-dark cycle were used for the experiments. The animals were used according to the Spanish (RD 223/88) and European (86/609/ECC) legislation. The experimental procedure was approved by the Animal Review Board (registered as SAPA001) of the University of Salamanca (Spain).
Neuron culture and treatments
Cell cultures were carried out essentially as described previously (Tabernero et al., 2001) . Briefly, the brains of E18 Wistar rat fetuses were aseptically dissected out. After removing the meninges and blood vessels, the forebrains were placed in Earle's balanced solution (EBS) containing 20 μg/ml DNase and 0.3% (w/v) BSA. The tissue was minced, washed, centrifuged at 500g for 2 min. and incubated in 0.025% trypsin (type III) and 60 μg/ml DNase I for 15 min at 37 1C. Trypsinization was terminated by the addition of DMEM containing 10% FCS. The tissue was then dissociated by gentle passing it four to eight times through a siliconized Pasteur pipette, and the supernatant cell suspension was recovered. This operation was repeated and the resulting cell suspension was centrifuged at 500g for 5 min. The cells were resuspended in a known volume of defined serum-free medium (1:1 mixture of DMEM and Ham's F12 supplemented with 5 μg/ml insulin, 100 μg/ml transferrin, 1 mM pyruvate, 50 U/ml penicillin and 37.5 U/ml streptomycin). Cells were counted in a Neubauer chamber and the test for the exclusion of Trypan blue dye showed that cell viability was higher than 90%. The cell suspension was then diluted in defined medium and plated onto Petri dishes coated with 10 μg/ml of poly-L-lysine at a density of 1.5 Â 10 5 cells/cm 2 , unless otherwise stated. Finally, the cells were incubated at 37 1C in an atmosphere of 95% air/5% CO 2 with 90-95% humidity. The experiments were carried out after 72 h, unless otherwise specified. Where indicated, the culture medium was supplemented with 2% (w/v) fatty acid free-bovine serum albumin (Sigma) dialyzed twice against phosphate-buffered saline (PBS) or with fatty acid free-bovine serum albumin plus 50 μM oleic acid (Sigma).
Explant cultures and treatments
Explant cultures were carried out essentially as described by (de Castro et al., 1999) . Briefly, the brains of P0 Wistar newborn rats were aseptically dissected out as a single piece and immersed in ice-cold L-15 medium (GibCo). The meninges were removed and the brains were cut coronally at 350 μm thickness with a mechanical tissue chopper. The striatal surface of the lateral ventricles was cut into blocks (approx. vol. 0.4 mm 3 ), embedded in 3D-rat tail collagen-I matrices (BD Bioscience) and cultured in defined serum-free medium containing Dulbecco's Modified Eagle Medium-F12 (Sigma) supplemented with 5 μg/mL insulin, 100 μg/mL transferrin, 1 mmol/L pyruvate, 50 U/mL penicillin, 37.5 U/mL streptomycin in an incubator at 37 1C and 5% CO 2 . The experiments were carried out after 72 h, unless otherwise specified. Where indicated the culture medium was supplemented with 2% (w/v) fatty acid free-bovine serum albumin (Sigma) dialyzed twice against phosphate-buffered saline (PBS) or with fatty acid free-bovine serum albumin plus 50 μM oleic acid (Sigma).
4.4.
Organotypic culture treatments
The brains of P0 Wistar newborn rats were aseptically dissected out as a single piece and immersed in ice-cold L-15 medium (Gibco LifeTecnologies. USA). Then, the meninges were removed and the brains were cut coronally at 250 μm thickness with a mechanical tissue chopper. The slices were separated, transferred to sterile, porous membrane inserts (0.4 μm. Millicell-CM, Millipore Corporation, Bedford, MA, USA), and cultured in defined serum-free medium containing Dulbecco's Modified Eagle Medium-F12 (Sigma, St. Louis, MO, USA), supplemented with 5 μg/mL insulin, 25 μg/mL transferrin, 1 mmol/L pyruvate, 50 U/mL penicillin and 37.5 U/mL streptomycin. The experiments were carried out after 72 h, unless otherwise specified. Where indicated, the culture medium was supplemented with 2% (w/v) fatty acid free-bovine serum albumin (Sigma) dialyzed twice against phosphate-buffered saline (PBS) or with fatty acid free-bovine serum albumin plus 50 μM oleic acid (Sigma).
Transfection of siRNA
Explants (0 DIV) were transfected with a validated nontargeting siRNA (NT-siRNA) or with an siRNA specific for SCD-1 suppression (Scd1-siRNA 
RT-PCR
Total RNA was extracted with Trizol reagent (Invitrogen), followed by RNA precipitation with isopropyl alcohol and purification with 75% ethanol, according to the manufacturer's instructions. 1 μg of total RNA was transcribed into cDNA using random hexamer primers (Invitrogen), dNTPs (Invitrogen), RNAse Inhibitor (Ambion) and SuperScriptI I Reverse Transcriptase (Sigma) in a 50-μl final volume. For the PCR amplifications, 2 μl of the synthesized cDNA was used as a template, with 0.4 mmol/L of a set of specific primers, each dNTP at 0.2 mmol/L, 1 unit of Taq polymerase and 2 mmol/L MgCl 2 , in a 20-μl mixture. The primers (Sigma) used for ß-actin amplification were 5'gag cac cct gtg ctg ctc acc gag g and 5' gtg gtg gtg aag ctg tag cca cgc t, which afforded a 300-bp product, and for Scd1 amplification they were 5'gtc tga gcc agc aat ctc aaa gtt cag aac and 5'gta cag tat tat gag aaa gct ttg atc atg, which furnished a 400-bp product. 
Western blot analyses
Proteins were extracted from the cells using lysis buffer containing 1% Triton X-100, 50 mmol/L Tris-HCl pH 8, 150 mmol/L NaCl, 0.02% sodium azide, 2 mmol/L phenylmethylsulphonyl fluoride, 0.5 μg/mL antipain, 0.5 μg/mL amastatin, 0.5 μg/mL pepstatin, 0.5 μg/mL leupeptin, 0.5 μg/mL bastatin and 0.5 μg/mL of trypsin inhibitor. Lysates were centrifuged at 10,000g for 10 min at 4 1C and the supernatants were stored at À80 1C. 30 μg of protein extract was resolved on 10% SDS-PAGE for DCX (Chemicon) and GAPDH (Ambion) and transferred to a nitrocellulose membrane (Bio-Rad) as described (Tabernero et al., 2001 ). After blocking with 5% (w/v) low-fat milk in TBS (10 mmol/L Tris, 150 mmol/L NaCl, pH 7.6) for 1 h, the membranes were incubated for 3 h at room temperature with mouse monoclonal antibody GAPDH (1:1000) or overnight at 4 1C with mouse polyclonal antibody DCX (1:5000). Peroxidase-conjugated anti-mouse IgG or anti-guinea pig IgG (1:5000, Santa Cruz Biotechnology) were used and developed with a chemiluminescent substrate. Membranes were exposed to X-ray films (Fujifilm), which were scanned and the intensity of the bands was analyzed using NIH imageanalyzer software.
Immunohistochemistry
Explants and cells were fixed in 4% paraformaldehyde for 20 min and permeabilized in 100% methanol for 20 min at À20 1C. After several rinses in PBS, cultures were incubated with monoclonal antibodies against GAP-43 (1:500, Sigma) or DCX (1:5000, Chemicon) in PBS containing 1% Triton X-100 overnight at 4 1C. Incubation with goat anti-mouse or donkey anti-guinea pig AlexaFluor488 secondary antibody (1:1000, Invitrogen) was performed in PBS containing 1% Triton X-100, overnight at 4 1C. Nuclear DNA was counterstained with DAPI (2.5 μg/mL, Invitrogen). Organotypic slices were fixed in 4% paraformaldehyde for 20 min and incubated once for 10 min with an ice-cold sodium borohydride solution in PBS (5 mg/mL; Sigma) to reduce fixative-induced fluorescence. Once traces of sodium borohydride had been removed with PBS, cultures were blocked with fetal calf serum (FCS) (1:10 PBS; Sigma) and incubated with guinea pig monoclonal antibodies against DCX (1:1000; Sigma) in PBS containing 1% Triton X-100 overnight at 4 1C. Then, they were incubated with anti-guinea pig Alexa 488 secondary antibody (1:1000; Life Technologies) in PBS containing 1% Triton X-100 and goat serum (1:100; Sigma) for 2 h at room temperature (RT). After several rinses in PBS, cultures were incubated with mouse monoclonal antibodies against GAP-43 (1:500; Sigma) in PBS containing 1% Triton X-100 overnight at 4 1C. Incubation with goat anti-mouse Alexa Fluor 594 secondary antibody (1:1000; Life Technologies) was performed in PBS containing 1% Triton X-100 and goat serum (1:100; Sigma) for 2 h at RT. Nuclear DNA was counterstained with 4',6-diamidine-2'-phenylindole (2 μg/mL; Life Technologies). A Leica inverted fluorescence microscope connected to a digital video camera (Leica DC100; Leica Microsystems GmbH. Germany) and a Leica TCS SP5 confocal microscope (AOBS/AOTF Systems and Leica LAS AF capture and analysis systems) were used to obtain fluorescence images. Controls for immunohistochemistry were carried out without primary antibodies.
Statistical analyses
Results are means7S.E.M. of at least four independent experiments. Statistical analyses were carried out with Student's t test or one-way ANOVA followed by the Fisher posthoc test when comparing more than two variables. Values were considered significant when po0.05.
